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Abstract 
The article provides a brief summary of the approaches for calculating the reliability index and the residual life , currently 
existing in the world, discussed in more detail the direction taken and distributed in Russia. The analysis is provided on how to 
choose the most correct and complete approach for the development of a universal comprehensive method for calculating the 
residual life. 
The authors proposed a particular method of determining the technical condition and remaining life for the construction objects 
of the mining and coal industry based on the statistical analysis of a large sample of defects of this building type. To work on a 
general universal procedure, it is reasonable to use a particular method specified in the paper and some positions of the 
calculation of residual life with the help of the probability theory. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
Keywords: the residual life of buildings; the technical condition of the buildings; the reliability of buildings; probabilistic methods of reliability 
1. Introduction 
Residual life it’s time before disabled condition. For industrial buildings the residual life calculation is a required 
after the end the design source of life. But in Russia there is no the standard approved unified methodology, so every 
company chooses any of the existing or developing its own approach. Often, in the results of such calculations the 
difference can reach 200%. 
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Solution Description  
In many countries, the concept of residual life is fundamental in determining the reliability characteristics of 
buildings and structures experiencing significant dynamic loadings and operating in hostile environments. 
For example, several studies have described the work of concrete( bridges under load [1-4]. And if several 
approaches are standard (maximum loading calculation as a static variable in the most dangerous cross- section of 
span [1], the residual life calculation based on fuzzy sets [2]), but many of approaches are innovative: in [3] the 
basic criterion of a calculating at determination of parameters of reliability index are the cost,  the article [4] used 
linear analysis to justify the rising load and its interrelation with the fatigue resistance and construction reliability. 
In terms of determining the residual life of the metal bridge it is the most comprehensive research  [5] A. Patron, 
K. Cremona et al., in which 120 European bridges older than 100 years were analyzed. Such constructions are one 
of the few examples of observed practical work metal during the service period, exceeding the rated. The residual 
life was found on the limit state with due regard for the uncertainty of mechanical characteristics of metals and their 
fatigue failure. As an alternative method  a Markov chains was used. 
Scientists give much attention to residual life calculation of hydraulic structures – dams and dikes. So, the 
scientists regarded as the main component in the mechanism of determining the residual life of degradation rate of 
the properties or reducing the cross-section of the material exposed to freeze-thaw cycles [6], or under the influence 
of the carbonization process [7]. 
The main methods for the determination of residual life and reliability characteristics are FORM (first order 
reliability) and ISM (sample leading) [8]. In Russia, the residual life assessment is obligatory for hazardous 
production facilities as part of the technical inspection of buildings [9]. According to Claim 5 [10], on reaching the 
period stated in the regulatory, design and operational documentation, standards, safety regulations, further 
operation of the technical devices, equipment and facilities without the works to extend the safe operation is not 
allowed. 
At the present time in Russia there are several methods to determine the residual life and reliability index, based 
on deterministic calculations and the apparatus of probability theory. By limiting conditions (deterministic 
calculations) residual life is determined by the following methods: by static strength; by corrosive wear; by fatigue; 
by physical deterioration [10]. 
The most common method by A. N. Dobromyslov [12, 13] on the basis of visual inspection (the physical wear), 
in which is determined the relative reliability of the buildings ȟ and the residual life R. Common damage of 
buildings:  
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where H1, H2, …, Hi - the average value of certain types of damage structures, H1, D2, …, Di - coefficients of 
significance of particular  constructions.  
Relative evaluation of the reliability of a building or structure yɡɞ = 1 - D. 
Residual life 
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O

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where ɭn – the relative reliability of the building at the time of the survey is determined by visual signs; ɭnot – the 
relative reliability of the building when it reaches inoperable;Ȝ – wear rate is determined depending on the time of 
use of the building and the degree of destruction of structures. 
The coefficients are determined based on the importance of expert evaluation. For example, expert evaluation of 
one organization[14] differs from expert evaluation of another organization [15], and as a result of the difference in 
the residual life can reach 80-100%. 
1717 G.M. Skibin et al. /  Procedia Engineering  150 ( 2016 )  1715 – 1720 
To exclude the part of subjectivity in the evaluation of the technical condition category authors define the 
determination of the significance coefficients as a geometric probability [16], a interrelation of volume of the 
building collapsed due to the collapse of the same type of structures to the total building volume. 
Determining factors of significance as the geometric probability is effective but time-consuming. For a quick 
determination of the relative damage the authors proposed a model based on Markov chains [17]. To construct the 
graph of transition of the system was analyzed 21 industrial buildings (more than 2000 defects), proposed a method 
for determining the probability of transition Eij as the frequency of symptoms influence the state of one component 
of the system on the state of the other, in practice, revealed the correlation between the system components 
(foundations, structural system)  and protecting walling, finishes and insulation). 
All the methods above allow us to determine the residual life as the running time, but do not allow to calculate 
the percentage probability that the limit state during this operating time is reached.  
However, determining the percentage probability - a requirement of regulations, acting in the regulation of the 
work of industrial enterprises [18]. 
Proposed by the authors method of determining the residual life using graph theory can quickly and objectively 
calculate both indicators gamma percentage residual life. 
The methodology idea of the building as a dynamic system composed of several subsystems, the number of 
which depends on their determinization. 
Subsystems contain different amounts of elements, such as: communication (underground, above-ground); 
surrounding area; object decoration; walling; bases and foundations; bearing structures. 
The system of "building" is in communication with the environment (atmospheric precipitation, solar radiation, 
dynamic effects from adjacent buildings; harmful emissions; wind load; snow load; other factors). 
The structural diagram of a dynamic system can be represented as a network model, in which the reliability of the 
system structure is completely determined and expressed in terms of performance of its constituent elements. Then, 
from the block diagram move to an analytical description of the conditions of reliability of the system. Using the 
analytical description of the algebra of logic: the system is in one of two states - a functioning or failure. 
Network model "building" of the system (Fig. 1, a) in the form of parallel chains of complete paths (Fig. 1, b), 
under which in the network is meant a continuous chain of successive elements from the initial vertex to the final.  
 
Fig. 1. A network model "building" of the system, b - chain of full path of the network model "building" 
The minimum is called by many workable elements, enough for your system, and no proper subset does not 
possess such a property. Let the j-th path Pj and express its Boolean function fi (x) through the Boolean variables 
path, then: 
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By definition, the conjunction features: 
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where P is the number of ways 
Estimates of the probability of system uptime, the structural function is expressed in terms of minimal paths and 
minimal cross-section, is determined from the interrelation:
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where qi - the probability of failure of the i-th subsystem; ri - probability of failure of the i-th subsystem; P is the 
number of paths, k - the number of all sections. 
The authors conducted [19] the analysis of the 3600 single defects and multi-storey buildings of the mining and 
coal industry to identify those or other meaningful interrelation. 
The incidence of interconnections of subsystems is less than 10% found to be insignificant and do not affect the 
general character of destruction. Given that the effects of the environment are perceived in the first place finish, 
adjacent territory and communications, and through them influence the cladding, load-bearing structures and 
foundations, as well as considering the identification of the structural links between the subsystems was adopted 
following a network model of the system "building" (Fig. 2) . 
 
Fig. 2. Network model "building" system for single and multi-storey buildings 
Relative damage of the i-th system is İi. Then the conjunction function for this network model takes the form: 
1 2 3 4 5 6 7 8 9 10   1 –  · · · · · · · · · ;( ) gɯ J f f f f f f f f f fM    (6) 
On this basis the following minimum tract function were obtained: 
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Calculations using the apparatus of probability theory, knowledge-intensive and involve a significant amount of 
the destruction of these structures for different times. In general, the calculations are based on the reliability index of 
A. R. Rzhanitsin distribution according to time ȕs (t) [20]. 
Gamma resource: 
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where Vs - the average annual rate of wear, ms (H) - the expectation of the resource strength of the first 
examination, ıvs - standard wear rate [21]. 
The proposed method is rarely used on the basis of the theory of probability in practical calculations due to its 
complexity. 
2. Conclusion 
A variety of calculations methods of residual life does not allow to reliably determine the final value of this 
parameter. To create a universal method of calculation of the considered   appears to use the following positions: 
x The widespread use of probabilistic methods of  determining the reliability characteristics based on a large 
sample of defects in different types of buildings; 
x Development of destruction scheme graphs based on the analysis of real mechanisms of destruction of different 
types of buildings; 
x Testing methods on a significant number of real objects; 
x Carrying out of field experiments and observations of the actual destruction of the buildings; analysis of the 
convergence of the calculated and actual residual life;
x Legislative strengthening universal method based on regional or federal level; 
The creation of software system for calculating a residual life to facilitate the work of engineers and experts with 
the mathematical apparatus of probability theory and a variety of graphs breaking system used in the calculation.
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